Rotaviruses are well established as important etiological agents of acute gastroenteritis in various mammalian and avian species, including newborn horses. In 1975, Flewett et al. (8) reported scours in newborn foals in northern Humberside, England, and detected rotaviruses in feces from foals by electron microscopy. In 1976, Kanitz (C. L. Kanitz, Proc. Annu. Conv. Am. Assoc. Equine Practnr., Dallas, Tex., 1976, p. 155-165) successfully reproduced a neonatal foal diarrhea syndrome experimentally and identified a rotavirus as the causative agent. Woode et al. (43) reported that foal rotaviruses were indistinguishable from those from children, calves, piglets, and mice morphologically by electron microscopy and antigenically by complement fixation, fluorescent antibody tests, and immune electron microscopy. In 1977, Thouless et al. (40) reported that foal rotaviruses were neutralized by at least a fourfold greater dilution of homologous (foal) antiserum than by heterologous (human, calf, piglet, lamb, mouse, and rabbit) serum, as determined by fluorescent focus neutralization tests. In 1978 from Australia (37, 41) and from the United States (7), in 1979 from New Zealand (6) , and in 1982 from Ireland (36) , visualization by electron microscopy of rotaviruses in feces from diarrheic foals was reported. In 1979, Smith and Tzipori (35) reported that foal rotaviruses have an RNA electropherotype that is distinct from those of calf, pig, mouse, deer, and human rotaviruses. Rodger et al. (33) , in 1980, reported that different equine rotavirus isolates showed variations in the electrophoretic mobiities of some double-stranded (ds) RNA segments. Subsequently, the serological evidence by complement fixation and fluorescent antibody tests of widespread infection of horses with rotaviruses was reported from Japan (23, 38) and from the United States (5, 32 (19a-21, 44 (45) and was used in the form of a reassortant virus between a temperature-sensitive mutant of a cultivatable bovine rotavirus (UK strain) and a human rotavirus (St. Thomas 4) (13). All rotaviruses were triply plaque purified before use.
Antisera. All hyperimmune antisera used in PRN and hemagglutination inhibition (HI) tests were prepared in guinea pigs as described previously (11, 44) .
Preparation of ds RNA and polyacrylamide gel electrophoresis. ds RNAs of equine and porcine rotaviruses were extracted from the infected MA104 cell lysates by a previously described method (26) . Segmented ds RNA was run overnight in a 12% polyacrylamide slab gel with 3.5% stacking gel at 15 to 20 mA of constant current by the method of Laemmli (30) , except that sodium dodecyl sulfate was omitted from all solutions. Ethidium bromide staining and photography of RNA under UV light were performed as reported previously (26) . PRN tests. PRN tests were performed as described previously (21, 44) . Neutralizing antibody titers were expressed as a reciprocal of the calculated serum dilution causing a 60% reduction in plaque counts. If the difference between homologous and heterologous reciprocal neutralizing titers was ¢20-fold, two viruses were considered to be different antigenically and, thus, serotypically distinct (21, 44) .
HA and HI tests. The hemagglutinating antigens were prepared from the infected MA104 cell lysates extracted with trichlorotrifluoroethane (Genetron 113, Allied Chemical Co.) followed by sedimentation through a 40% sucrose cushion by ultracentrifugation. The pellets were reconstituted in phosphate-buffered saline (pH 7.4) in 1/30 of the original volume of cell lysates and were then employed for hemagglutination (HA) and HI tests. The erythrocytes of human group 0, rhesus monkeys, sheep, and guinea pigs were used for HA at 0.5% concentration in phosphate-buffered saline supplemented with 0.3% bovine serum albumin. The HI titer of the hyperimmune serum (twofold dilutions) was expressed as the reciprocal of the highest dilution of serum which completely inhibited hemagglutination.
RESULTS Isolation and propagation of rotavirus in cultured cells. CPE were not observed during the first two passages of strain H-1 in either the MA104 cells or the reisolation attempts in primary AGMK cells. The first sign of CPE was detected 3 days postinfection at passage 3 in both cell types. CPE consisted of increased cell granularity, obscure cell boundaries, cell rounding, and eventual cell detachment from the glass walls; CPE were consistently observed thereafter.
Subgroup antigen assay. The rotavirus in the original fecal material from a diarrheic foal was found to belong to subgroup 2 by using RIA (10) . However, the same fecal material was not subgrouped using ELISA (Table 1) , and the tissue culture-adapted equine rotavirus (H-1) grown in either AGMK or MA104 cells was shown to belong to subgroup 1 by using ELISA (Table 1) and IAHA (Table 2 ). In attempting to reconcile these conflicting data, subgroup testing of the original feces was reattempted by using RIA. Common monoclonal antibodies detected rotavirus common antigen(s); however, both subgroup 1 and 2 monoclones failed to detect subgroup-specific antigen(s) on repeated RIA tests (Table 3) . Strains EE, A-580, and P-1 of porcine rotavirus were found to belong to subgroup 1 (Table 1) .
HA and HI tests. The partially purified H-1 strain of equine rotavirus hemagglutinated erythrocytes of human group 0 (titer, 1:32), rhesus monkeys (1:32), guinea pigs (1:4), and sheep (1:4). Since the hemagglutinating pattern of human group 0 erythrocytes was firmer and NCDV strain of bovine rotavirus were related to the H-1 strain in a one-way fashion, and rhesus rotavirus was distinct from equine H-1. The canine and simian viruses were similar, if not identical, by HI test. Antigenic relationships between equine and other mammalian rotaviruses. Table 5 summarizes the results of the antigenic relationships between equine and other mammalian rotaviruses studied by PRN tests. The equine (H-1) and porcine (OSU) rotaviruses were found to be similar, if not identical, by this reciprocal crossneutralization test. It is striking that the equine (H-1) rotavirus was distinct from the four serotypes of human rotavirus (Wa, DS-1, P, and St. Thomas 4), as well as from rhesus (MMU18006), canine (CU-1), and bovine (NCDV) rotaviruses by the PRN test.
Antigenic relationship of equine and three strains of porcine rotaviruses. To further study the close antigenic relationship between this isolate of equine rotavirus and porcine rotaviruses, two additional porcine rotavirus strains (EE and A-580) were examined by using PRN tests. Table 6 shows a two-way antigenic relationship between the H-1 strain of equine rotavirus and OSU, EE, and A-580, which together represent a single serotype of porcine rotavirus.
Polyacrylamide gel electrophoresis of segmented viral ds RNAs. Since equine rotavirus was found to be closely related antigenically to porcine rotaviruses and since there is always a possibility of cross-contamination in the laboratory, electrophoretic migration patterns of ds RNAs of equine and porcine rotaviruses were compared. The H-1 strain of equine rotavirus has an electropherotype of ds RNA distinct from those of OSU, EE, and A-580 of porcine rotaviruses (Fig. 1) . The H-1 strain was also shown to be distinct from porcine rotavirus P-1 in ds RNA electrophoretic migration pattern.
VOL. 18, 1983 on October 26, 2017 by guest http://jcm.asm.org/ Kalica et al. (25) demonstrated that subgroup antigens were encoded by the rotavirus gene 6 product (the major inner capsid protein). Subsequently, Greenberg et al. (12) confirmed and extended the previous findings by using 10 separate monoclonal antibodies directed against the protein product of gene 6. Bastardo et al. (1), using simian rotavirus SAl1, and Killen and Dimmock (29), using bovine rotavirus UK, reported independently that the monospecific hyperimmune antiserum prepared to gene 6 products of each rotavirus had a low level of neutralizing activity against homologous viruses. In addition to its practical applications described previously (10, 27) , subgroup specificity plays an important role in the studies of genetics and natural history of rotaviruses. (2) , myxoviruses (3, 4), alphaviruses (14, 15) , and rhabdoviruses (42) . Also, host-induced antigenic variation has been reported previously for animal viruses such as variola (19) , influenza A (18), , western equine encephalomyelitis (31) In cross-protection studies performed by Tzipori and Walker (41) in 1978, apparent crossprotection between pig and foal rotaviruses in pigs was observed. This cross-protection between pig and foal rotaviruses can now possibly be explained since certain porcine and equine rotaviruses belong to the same serotype. However, it has been reported that there is a serotype of porcine rotavirus distinct from the OSU strain (E. H. Bohl, Ohio Agricultural and Development Center, Wooster, personal communication), and this strain does not cross-react with the H-1 strain of equine rotavirus (Hoshino et al., manuscript in preparation). Moreover, we have recently reported the existence of a second equine rotavirus serotype which was found to be distinct from the H-1 strain not only in serotypic specificity but also in subgroup specificity (19a) .
Gaul et al. (9) have recently concluded that the cross-protection between rotaviruses is type specific, and potential vaccines should include serotypes which cause disease in the homologous animal species. If the H-1 strain of equine rotavirus is found to be of low virulence or can be further attenuated, and if the above findings by Gaul et al. are confirmed further, the H-1 strain may become a potential vaccine for use not only in foals but also in piglets.
